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In 1979 des Cloizeaux proposed an interesting conjecture that a topological constraint should 
lead to effective repulsion among segments of ring polymers so that the mean size of very long 
ring polymers should swell under the topological constraint [1]. The conjecture is supported by 
S印om蹴ec∞ompu凶teぽrs討imu山I
attractive and repulsive forces among segments of them. Although they have in principle no 
excluded volume， topological repulsion remains under topological constraints. Thus， the mean 
size of ring polymers of no thickness swells under topological constraints as if they have the 
excluded volume. 
Is a topologically repulsive effect the same as the excluded volume effect ? The answer is 
“No". The distribution of distance between opposite nodes of random polygons under topological 
constraints is nearly the Gaussian distribution rather than the end-tかenddistance distrihution 
of selιavoiding walks [8]. This suggests that random polygons under topological constraints do 
not behave almost like a self-avoiding walk. Here， a random polygon means a random walk with 
closing ends and this is an useful mathematical model of a ring polymer in solution at the e 
temperature. 
In this work we consider not orrly a distance distribution between opposite nodes but also 
that of given a pair of nodes of random polygons. We find that these distributions are given by 
deformed Gaussian ones with additional topological correction terms. 
2 Two-point distance distribution and Topological corrections 
We consider a distance of a random polygon corresponding to an end-tかenddistance of a random 
walk. Choose two nodes among N nodes of a random polygon with length N. Let m be the 
length along the short curve between the pair of nodes of the random polygon. The other length 
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along the curve is N -m. The two curves have the same end-tc同 nddistance. We cal it the 
twかpointdistance of the random polygon. 
Let us introd uce the入parameterwhich is a normalized length of pair nodes:入=m/N 
(0 <入三 1/2).Twかpointdistances belong to入Nlength of N -noded random polygons form a 
distribution corresponding to an end-tかenddistance distribution of random walks. We observe 
twかpointdistance distributions of random polygons with length N changing入from1/20 to 
1/2. 
The distributions are given by almost the Gaussian distribution for al knot types when入is
very small. On the other hand the distribution for each knot K slightly di庄町仕omthe Gaussian 
distribution when入isnearly on守half.A twかpointdistance distribution of random polygon 
with knot type K is given by 
" • lL~ 3rdK 1 
!K(r;入，N)= AKl針。Kexp卜|I 2σK2(入)NI' (1) 
where ()K， 8K and σK2(入)are topological corrections. Here we note that if () K， 8 Kand σK2(入)
hold 0， 2 and♂πて苅 respectively，!K(γ;入，N)is閲 ctlythe Gaussian distribution. Our 
simulation imply that the exponent 8 K is given by two for any knot and anyλTopological 
e旺ectsincrease the exponent ()K and the dispersion σK2(入)when入increasing;0 <入三 1/2.
Acknowledgment 
The author would like to thank Professor Tetsuo Deguchi for valuable discussions and comments. 
References 
[1] J. des Cloizeaux and M. L. Metha. J. Physique， 40:665-670， 1979. 
[2] J. des Cloizem氏 J.Physique Lett.， 42:L433-L436， 1981. 
[3] M. K. Shimamura and T. Deguchi. selιavoiding polygons. Phys. Lett. A， 274: 184， 2000. 
[4] J. M. Deutsch. Phys. Rev. E， 59:R2539-R2541， 1999. 
[5] A. Dobay， J.D山ochet，K. Millet， P.E. Sottas， and A. Stasiak. Proc. NIαtl. Acαd. Sci. USA， 
100:5611-5615， 2003. 
[6] H. Matsuda and A. Yao and H. Tsukahara and T. Deguchi and K. Furuta and T. lnami. 
Phys. Rev. E， 68:011102， 2003. 
[7] N. T. Moore， R.C. Lua， and A. Yu. Grosberg. Proc. N.αtl.Acαd. Sci. USA， 101:13431-13435， 
2004. 
[8] A. Yao， H. Tsukahara， T.Deguchi， and T. lnami. polygons with a fixed knot.ょPhys.A， 
37:7993-8006， 2004. 
-949-
